Cardiovascular disease (CVD) is considered to be one of the leading health issues in Thailand. CVD not only contributes to an increase in the number of hospital admissions year on year but also impacts on the rising health care expenditure for the treatment and long-term care of CVD patients. Therefore, this study is aimed at examining the impacts of risk reduction strategies on the number of CVD hospital admissions, Disability-Adjusted Life Years (DALYs) and the costs of hospitalisation. To estimate such impacts a CVD cost-offset model was applied using a Microsoft Excel spreadsheet. The number of the mid-year population was classified by age, gender and the CVD risk factor profiles from the recent Thai National Health Examination Survey (NHES) IV. This survey was chosen as the baseline population. The CVD risk factor profiles included age, gender, systolic blood pressure, total cholesterol, and smoking status. The Asia-Pacific Collaborative Cohort Study (APCCS) equation was applied to predict the probability of developing CVD over the next eight-year period. Estimates on the following were obtained from the model: (1.) the CVD events both fatal and non-fatal; (2.) the difference between the projected number of deaths and the actual number of deaths in that population; (3.) the number of patients who are expected to live with CVD; (4.) the DALYs from the estimated number of fatal and nonfatal events; (5.) the cost of hospital admissions. Four CVD risk strategy scenarios were investigated as follows: (1.) the do-nothing scenario; (2.) the optimistic scenario; (3.) achieve the UN millennium development goal; and (4.) the worst-case scenario. The findings showed that over the next eight years there are likely to be 3,297,428 recorded cases of CVD; 5,870,049 cases of DALYs; and, approximately ฿57,000 million, ($1.9 billion), is projected as the total cost of hospital admissions. However, if the current health policy can reduce the levels of risk factors as defined in the optimistic scenario or such policy meets the specifications of the UN millennium development goal, there would be a significant reduction in the number of hospital admissions. These are estimated to be a reduction of 522,179 male and 515,416 female cases. With these results, it is expected that health care costs would save approximately ฿9,000 million, ($298.3 million), for CVD and 900,000 million of DALYs over the next eight years. However, if there is an upward trend in the risk factors as predicted in the worst-case scenario, then there will be an increase of 428,220 CVD cases; consequently, DALYs cases may rise by 766,029 while the hospitalisation costs may increase by approximately ฿7,000 million, ($232.1 million). Based on our findings, reducing the levels of CVD risk factors in the population will drastically reduce: (1.) the number of CVD cases; (2.) DALYs cases; and (3.) health care costs. Therefore it is recommended that the health policy should enhance the primary prevention programs which would be targeted at reducing the CVD risk factors in the population.
Introduction
CVD is considered one of the main potential health care problems in Thailand. The burden of the disease and related injuries from a study in Thailand estimated that 1,146,064 DALYs were lost from CVD, which includes both ischemic heart diseases, (IHD) and stroke [1] . The DALYs lost from stroke was ranked as the third-highest in men and the second highest in women, whereas, IHD was rated as the sixth and fourth highest cause of death and disability in men and women, respectively. Although the overall mortality rate in Thailand has reduced over the past decade due to improvements in the health care services, the prevalence of CVD, however, continues to rise [2] ; this has led to an increasing need for medical and long term care for CVD patients. Consequently, CVD has become a burden for both patients and the health service providers in terms of health care expenditure.
The increase in the prevalence of CVD is related to socio-economic and lifestyle changes in the population in Thailand which have increased the risk of CVD [3] [4] . It has been proved that classical CVD risk factors such as high blood pressure, high total cholesterol and cigarette smoking are related to the incidence of CVD [5] [6] [7] [8] . The Ministry of Public Health, Thailand has encouraged the reduction of these modifiable risk factors at the population level. Many public health interventions have been implemented, such as health education, advocating physical activity, promoting healthy diets and changing the smoking regulations [9] . However, this raises the following questions: will the investment in public health programs reduce the further demand for health care in the population; and, if so, how much benefit will be gained from reducing the risk factors at the population level?
In terms of CVD modelling, several studies have projected the number of future CVD events and health care expenditure for the country, based on the current information of the risk factors levels in the population [10] [11] [12] . Some studies have found that reducing the level of risk factors in the population will subsequently reduce the number of deaths and disability from CVD, and at the same time help to save on the costs of hospital admissions [13] [14] [15] . Many studies in the health economics field have investigated the cost-effectiveness of secondary prevention programs and treatment strategies, such as comparing the multidrug regimen for prevention of CVD [16] [17] [18] [19] [20] , coronary artery revascularization procedures [21] , and the treatment of high blood pressure [22] . This study; however, focuses on the primary prevention strategies that should be implemented within the general population, to prevent them from being admitted into the hospital due to CVD. The study aims to estimate the impact of public health risk reduction strategies on the potential benefits of this investment. The mathematical model conducted assessed the modified risk equation from the Asia Pacific Cohort [2] study collaboration. The eight-year probability of CVD events has been calculated based on the most recent population-level risk factors information. The model estimates the number of patients living with CVD conditions, such as IHD and stroke; and those with the burden of the DALYs diseases that are likely to be admitted into the hospital. The outcomes of interest in this study are the impacts in terms of the number of CVD hospital admissions avoided, the DALYs saving and the health care financial savings.
Materials and Methods

The CVD cost-offset model
A CVD cost-offset model [16] has been applied to (1.) Estimate the number of CVD hospital admissions during the next eight-year period; (2.) Predict the burden of disease in terms of DALYs; and (3.) Estimate the cost of hospital admissions due to CVD conditions. The CVD cost-offset model was used to assess the impact of risk reduction strategies on the number of hospital admissions,
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DALYs and direct health care costs. The effects of changing the risk factors at the population level have been investigated through four different scenarios. The analysis process is described below.
The CVD cost-offset model was computed using a Microsoft Excel spreadsheet. The baseline population size was defined by the most recent relevant data available which included gender and age group information. The CVD risk factors such as age, systolic blood pressure, total cholesterol, and regular smoking obtained from the Thai 4th National Health Examination Survey (NHES) IV [23, 24] , were used as the input parameters to represent the mean level of risk factors within the Thai population and identified by age group and gender. Table 1 shows the input data of the costoffset model based on the number of the mid-year population and the risk factor profiles. The probability of experiencing CVD events within an eight-year period was obtained using the Asia-Pacific Cohort Study (APCS) equations [4] . Age, systolic blood pressure, total cholesterol and smoking were included as risk factors in the equation. From the model, the probability of CVD events within an eight-year period was estimated by age group and gender. Then, the eight-year probability of CVD events was multiplied by the number of the mid-year population to get the estimated number of CVD events over the next eight years. However, the APCS equation calculated the probability of all CVD events, which included both fatal and non-fatal CVD events.
The number of CVD events which caused mortality was estimated using the average 10-year probability of dying from CVD in the general Thai population from 1996 to 2006, classified by age and gender. The likelihood of dying from CVD is shown in (Tables S1 & S2). The number of people who are likely to die from CVD was estimated by multiplying the number of estimated CVD events with the probability of dying from CVD. Then, the model deducted the number of people who are likely to die from CVD to obtain the number of people who will be alive with CVD conditions. The outcomes of interest are the number of people with CVD who are alive and the number of deaths from CVD conditions over the eight-year period.
Disability Adjusted Life Years (DALYs)
Once the model had estimated the number of CVD events over an eight-year period, the total DALYs for each age group and gender were calculated as the summation of the years lost due to disability, (YLD), and the years of life lost due to premature death (YLL). Therefore, DALYs will present the burden of CVD which includes both the non-fatal burden and the burden of premature death. The calculation procedure follows the WHO national burden of disease studies [25] .
Where: YLD= number of years lost due to disability YLL = Number of years of life lost due to premature death
Discounting and age weighting
It is standard practice for a health economic analysis to discount future benefits [26] . This study has applied a 3% discount rate to years of life lost in the future, to estimate the net present value of years of life lost and for adjusting both future costs and health outcomes as recommended in the Global Burden of Disease study project [27] and the burden of disease study project in Thailand [28] . The assumption of using the age weight was based on the social preference which values a year of life in a younger adult higher than that of a year lived by someone in an elderly age group because the younger adult is considered as being in the labour force which has a more economic productivity value than the elderly age group.
Calculating YLL
YLL represents the number of years of life lost due to premature death which is calculated by multiplying the number of deaths with the standard life expectancies in each age-gender group.
YLL = N × L [2]
Where: N= number of deaths and L= Standard life expectancy at age of death in years The estimated number of deaths in each age group was entered into the spreadsheet to calculate YLL. The average age at death for each age group was calculated by using the mid-point of age at death in each age interval. Then, the standard life expectancies of these average age at death was calculated by interpolation between the standard life expectancies at the exact ages of death given from the West standard life tables [29] by the single year of age.
With a 3% discounting and uniform age weights; YLL was computed using the formula:
(1 − e −0.03L ) [3] Where: N = number of deaths; and L = Standard life expectancy at age of death in years taking into account the 3% discount rate and age weight.
Calculating YLD
YLD presents the years lost due to disability which is the main component of DALYs. The basic formula of YLD is: = × × [4] Where: I = the number of incidence cases in the reference period DW = the disability weight L = the average duration of disability in years In this analysis, the estimated number of people who are alive with CVD conditions by age and gender was entered into the spreadsheet as the number of incidence cases occurring during the eight-year period (I). The disability weight that was used as the average disability weight was from the GBD study undertaken in 2010 and was set at 0.18 for all CVD conditions. The disability weight by CVD conditions of the GBD study is shown in Table S3 . The average age onset of the disability and the duration of disability was calculated by using DISMOD II software. [30] DISMOD II software was developed by Jan J Barendregt, Department of Public Health of Erasmus University, Netherlands [31] . This software developed sophisticated methods to measure the causes and patterns of disease in populations and was used as an analytical tool in the GBD 5 study to check the consistency of various data and for estimating the incidence, prevalence, duration and, fatality events. DISMODII has been commonly used in YLD calculations for estimating the incidence and duration of the disease from information available about a country. An underlying generic disease model concept has been developed in DISMOD software to explore the causal relationships and the disease process as shown in Figure 1 The number of the mid-year population, the background mortality, the prevalence of CVD and the CVD mortality rate in the Thai population classified by age and gender has been entered as the input information into the DISMOD software. This analysis assumed the remission rate from CVD is equal to zero. The study estimated the onset of getting CVD and the duration of the disability from CVD by age and gender.
Health Care Cost for CVD patients
The average total cost of hospital admissions from CVD was calculated from the inpatient services in Thailand. The costing data obtained from the national health security office includes the universal coverage health care scheme. The results of the health care costs were as reported in [32] .
The health care service providers spent ฿32,884, ($1,090.3), per patient on IHD, ฿25,618, ($849.6), per patient on strokes and ฿21,921, ($726.9), per patient on all CVD conditions. Because of the limitations of the APCS equation, which estimates the total CVD incidence only, the average cost of all CVD conditions has been used to estimate the total health care costs for the next eight years. The estimated total health care cost was computed by multiplying the average cost per patient with the estimated number of CVD cases. However, this analysis is based on 2009 prices; therefore the discount rate has been applied to these costs to estimate the present value of the health care expenditure.
Impact of Changing CVD Risk Factors
The model was used to consider the CVD risk reduction scenarios which targeted the following three CVD risk factors; systolic blood pressure, total cholesterol, and prevalence of smoking at the population level. Some of the underlying assumptions of the CVD cost offset analysis include: (1.) the population structure and the health care system remaining unchanged from those of 2009; (2.) no change in the population figure, classified by age group and gender over time; and (3.) the mean age for the respective age groups remains the same as in the model. From 6 the model, we estimated the impact of changing the risk factors on the number of CVD patients, the number of DALYs, and the cost of hospitalisation in four different scenarios. Table 2 shows a summary of changing the percentages of the risk factors against those scenarios. The grouping for different scenarios analysed in this study were as follows: 1) Do nothing scenario: this scenario assumes that there is no change in CVD risk factors over time. The level of CVD risk factors remains the same.
2) The optimistic scenario: this scenario assumes that all CVD risk factors have been reduced in the population through public health initiative strategies. The target risk factors have been reduced by 5%.
3) Reach the UN millennium development goal; this scenario estimates what will happen if the risk reduction strategies in Thailand can achieve the UN millennium development goals. The goals' main target is to reduce 25% of the global premature mortality from non-communicable disease (NCDs) based on the 2010 levels and to achieve it by 2025 [33] ; the goal, referred to by some studies as the "25 x 25" target [34] . The target risk reductions are a reduction of 30% in the prevalence of tobacco smoking; reducing alcohol consumption by 10%. The reduction of 30% in the average salt intake of the population, prevents the rising incidence of obesity, reduces 25% of the prevalence of high blood pressure and stops the rise in the prevalence of diabetes. Based on the available information for the model, this scenario analysis is targeted at reducing 30% of the smoking rate and assumed that the level of systolic blood pressure stroke is reduced by 5% to achieve this goal, and the other risk factors remain the same.
4) The worst-case scenario: This scenario assumes that the trend of risk factors in the population will be changed according to the information provided by the WHO global observatory, Thailand's country profile data [35] . The trends of the risk factors of the Thai population who are aged 25 years and, over have been presented in (Tables S4 -S6) .
From 1980 to 2009, there was a +3.35% increase in the level of systolic blood pressure in the population and +11.7% increase in the total cholesterol level. Meanwhile, the population smoking rate reduced by 30% because of the effectiveness of the smoking regulation policy in Thailand [36] . Table 3 shows the estimated number of CVD patients over the next eight years by age group, gender and risk reduction scenarios. The model estimates the highest number of patients appear in the "worst-case scenario" which is 3,725,649 patients and the second-highest figure is in the "do nothing scenario" which is 3,297,428 patients. However, if public health interventions lead to a reduction in the risk factor levels of CVD, as it is anticipated in the "optimistic scenario", the estimated number of CVD patients will consequently reduce to 2,755,249 patients. Additionally, if the health policies achieve the UN Millennium development goal, the number of total CVD patients will decrease to 2,782,012 patients.
Results
The estimated number of CVD patients over an 8 year period
When comparing the estimated number between men and women by age group and the risk reduction scenarios; overall, the model predicts the number of CVD patients would be higher 7 amongst women than men. However, the UN millennium goal scenario estimated the number of male CVD patients to be higher than the figures for women in most age groups except at age 75 years and over. This might be because reducing cigarette smoking by 30%, could have a higher impact on men as they have a higher prevalence of regular smoking than women (Table S2) . When comparing the total estimated number of CVD patients by age group and the risk reduction scenarios, the estimated number of CVD patients increases respectively, with the increase in age in both men and women. The worst-case scenario estimated the highest number of CVD patients, followed by the do-nothing scenario. The optimistic scenario and reaching the UN millennium development goal estimated nearly the same reduction in the number of patients (Table S1 ). Table 4 shows the estimation of the absolute total DALYs and DALYs lost from CVD per 1,000 populations over the next eight years by age group gender and the risk reduction of different scenarios. The highest DALYs overall is in the worst-case scenario, which has a total loss of 6,636,078 DALYs. The second highest is in the do-nothing scenario which has a total loss of 5,870,049 DALYs. Further, when the model assumed that the CVD risk factors had been reduced, as in the optimistic scenario, the total DALYs lost will be reduced to 4,935,828 DALYs. Moreover, if the model assumed that CVD risk factors could be reduced as in the UN millennium goal scenario, the total DALYs lost will be reduced to 4,946,540. Both the optimistic scenario and the UN millennium goal scenarios estimated the DALYs as nearly the same.
The estimated DALYs over 8 year period
When comparing DALYs across the age groups, it was found that the number of DALYs lost from CVD increases respectively with an increase in the age group. The DALYs figure is higher in older adults, (age 35 years and older) than in younger adults (ages 15 to 34). The absolute total DALYs is highest at ages 65 to 74 years across the four scenarios (1,199,375, 1,003,599, 1,006,104, 1,360,930, respectively). 9 Table 5 presents the summary results of the CVD cost-offset model compared against the four scenarios analyses and the impact of changing CVD risk factors, on the number of CVD hospital admissions, total costs of hospitalisation and the DALYs. The do-nothing scenario in the model estimated that over the next eight-year period there will be 3,297,428 CVD patients if the levels of risk factors remain the same. However, if the levels of risk factors are reduced as in the optimistic scenario, (all risk factors reduce by 5%), it will reduce the number of CVD hospital admissions by 522,179 people. Additionally, if health interventions can achieve the UN millennium development goal, there will be a reduction in the number of CVD hospital admissions by 515,416 people. Conversely, if the trend of risk factors increases amongst the population as in the worst-case scenario, the number of CVD hospital admissions is estimated to be 3,725,649 representing an increase of 428,220 CVD patients.
In terms of the total cost of hospitalisation, when applying the discount rate of 3%, it is estimated that health service providers would spend ฿57.1 thousand million, ($1.9 thousand million), on medical expenditure for CVD patients over the next eight-year period. However, if the health interventions can reduce the levels of risk factors as in the optimistic scenario, there will be a ฿9,036 million, ($299.6 million), saving on the hospitalisation costs. In addition, if the health policy can achieve the UN millennium development goal, it will save ฿8,919 million, ($295.8 million), on health care expenditure. Conversely, if the trend of CVD risk factors continually increases as in the worst-case scenario, the health care expenditure will increase by ฿7,410 million, ($245.7 million), over the next 8 year period. Furthermore, the cost offset model estimated that 5,870,049 DALYs would be lost due to CVD in Thailand over the next eight years if the levels of risk factors remain the same as in 2009. However, the government would be able to save 934,221 DALYs if all levels of risk factors could be reduced as in the optimistic scenario. Moreover, if the health policy can reach the UN millennium development target, there will be 923,509 DALYs saving in the next eight years. Or, if the trend of CVD risk factors continuously increases as in the worst-case scenario, the total DALYs will increase to 6,636,078 DALYs during the next eight-year period, which would be an increase of 766,029 DALYs overall, in the Thai population. 
Discussion
In 2012 there were 327,435 CVD patient admissions to hospitals with a total health care expenditure of about ฿7,177 million, ($238 million). With regards to the burden of disease (BOD), the estimated total DALYs of IHD and Stroke together was 1,146,064 DALYs in 2012 [9] . If the levels of CVD risk factors remain the same, the number of CVD patients will increase approximately 10 fold and the total DALYs of CVD will increase to 5,870,049 DALYs over the next eight-year period. However, if the trend of risk factors increases as in the worst-case scenario, the number of CVD 10 patients will significantly increase ( Table 3 and Table 5 ). As a consequence, the health care expenditure will also increase as well as the DALYs increasing (Table 4 and Table 5 ). The CVD cost off-set model has estimated that there are potential benefits of reducing the CVD risk factors at the population level. The optimistic risk reduction scenario and reaching the UN millennium goal scenario are both estimated to have the potential benefit of reducing CVD risk factors on the number of CVD hospitalisations avoided, the total cost of hospital admissions savings and the DALYs saving. Both these scenarios demonstrate similar savings although the UN millennium goal does not take into account the reduction of total cholesterol, there are still high impacts on reducing the level of systolic blood pressure and reducing the prevalence of smoking.
In terms of the DALYs estimation, the DALYs calculation incorporated an age weight which considers the value of the years of life lost at an elderly age to be less than in younger adults. The use of age-weighting is controversial because the societal perspective is concerned about economic productivity, and the value of the years of life are weighted differently among age groups. Nonetheless, from an equality perspective, the values of the years of life are weighted equally for all age groups. However, the applied model in this research is flexible enough to estimate DALYs with or without using age-weighting. When applying age weights in the analysis, it was found that DALYs in the younger age group, (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) had increased and DALYs in the older age group had decreased.
Additionally, this analysis used the standard life- 
The strength of the study
This study provides information for the health policy developers to plan and invest in primary prevention programs for chronic diseases such as CVD, rather than waiting until the problems occur. In terms of the implications for policy and practice in Thailand, some primary interventions have already been successfully implemented, such as the smoking regulations which have reduced the prevalence of smoking in the Thai population over the last decade [37] . However, some primary prevention programs such as promoting a healthy diet and undertaking physical activity were not evaluated with respect to their impact on reducing the risk factors of CVD or whether CVD has increased within the population. This is because CVD is caused by a combination of risk factors and it is difficult to measure the impact on the health benefits over a short-term period. The CVD costoffset model can be used as a financial tool in helping to develop the health policy for long-term planning and targeting the investment in primary prevention programs for reducing the instances of CVD. The findings in this study show that there will be significant benefits of reducing the CVD risk factors by reducing the number of hospitalisations, reduction of the burden of disease (DALYs) and savings on the future health care expenditure.
Additionally, the CVD cost-offset model that has been developed in this study used the APCS equation as the risk engine to calculate the probability of instances of CVD events during the eightyear period. The APCS equation is generalisable for applying to other Asian populations because it was derived from the pools of data from cohort studies around Asia. Therefore, this model is able to be replicated and applied to other settings in Asian countries, if the essential information of the population data and the risk factors profiles are available.
Limitations of the Study
There are some limitations to the CVD cost-offset model. The first limitation is that the modelling was conducted under limited conditions with some underlying assumptions. The model is static and compares the estimation at two points of time from 2009 and over the next 8 year period. The model assumed that the number and population structure by age group and gender remains the same, but the reality is that people in the cohort will age. Several studies have suggested that Thailand will become an ageing society by 2050 because of the falling fertility rate in the Thai population [37] . It was estimated that in a few decades, Thailand will, for the first time, have a greater population aged 60 years and over than the population aged less than 15 years old [38] . Therefore, the population structure in the future may be different from now because there may be more people in the elderly age groups.
Secondly, CVD risk factors are modifiable. Some risk factors might vary with the age difference and can change over time. Younger adults and older adults experience different levels of risk factors. For example, older adults may experience high blood pressure more than younger adults. Some behavioural risk factors are dynamic which may change anytime based on individual behaviours, such as cigarette smoking. This model was not able to capture any dynamic changing of the CVD risk factors of the individual because the estimation was based on the mean level of risk factors by each age group and gender. Lastly, the model uses the APCS equation to calculate the eight-year probability of acquiring CVD. This equation has some limitations in terms of the number of independent variables, such as age, gender, systolic blood pressure, total cholesterol level and cigarette smoking status. Some potential risk factors such as diabetic status and BMI level were not included in the equation, which may have the effect of underestimating the risk of CVD in people who have a high BMI or diabetes. Furthermore, although the equation can estimate the overall probability of acquiring CVD, it lacks the capacity to determine the probability of specific CVD conditions, such as stroke and IHD, separately. However, this equation is suitable for use within Asian populations. It has been validated in the performance of the equations within the Thai cohort [4] and also in this study [39] . The model could perform a more precise estimation if the country-specific CVD risk assessment equations were available.
Conclusions
Findings from this study suggest that reducing any combination of the CVD risk factors can reduce instances of acquiring CVD in a healthy population, as well as savings in the burden of disease in terms of DALYs and savings on health care expenditure. If the public health initiatives could either attain the UN millennium development goal or a reduction of 5% in the CVD's risk factors, the health service provider would be able to save approximately ฿9,000 million, ($298.4 million), and about 900,000 DALYs over the next eight years.
On the other hand, if the trend of risk factors increases, there will be an increase in health care expenditure of ฿7,400 million, ($245.3 million) and an increase of 766,029 DALYs during the eightyear period. The modelling which was used in this study [16] presented the benefits of investment in primary prevention, which could prevent the number of deaths and also reduce the number of hospital admissions as well as saving costs of acute hospital admissions from CVD in the UK.
Future work
This study contributes to the initial CVD cost-offset model for estimating the future burden of CVD events and the future potential benefits of reducing the risk factors of CVD in the population level in Thailand. A more sophisticated and dynamic model can be developed by applying the 12 Markov model or Discrete event simulation model if the specific CVD risk equations and the data are available. The dynamics of the risk factors should be taken into account in any further study because in reality most CVD risk factors are modifiable and can change over time when people change their health behaviour.
